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then. it has fought a losing battle with the ammonia 
soda' . process, and· to-day there is not a Le Blanc 
factory to be found in America. Now the ammonia 
soda is, in turn, being replaced rapidly by electrolytic 
soda. This sort of competition is typical of that 
which occurs in many chemical manufactures. In the 
case of Le Blanc soda it has been a most powerful in
centive toward� the improvement of the process. It 

has resulted in ,developing improved mechanical a p-, 
pliances for carrying out the operations, in the recov
ery of the hydrochloric acid and its use in the manu
facture of chloride of lime and in the recovery of 
sulphur from the calcium sulphide. I visited a Le 
Blanc factory in England two years ago, where they 
told me that their sulphur for making the sulphuric 
acid used in the process came from Spain in the form 

THEORY OF FREEZING 

of pyrites and that 85 per cent of it left their factory 
IS pure sulphur. In all this development the chemist 

has taken an ever-increasing part--in the development 
of new processes and the direction of old ones, and 
in that analytical control of raw material and finished 
product which hI'S become indispensable in all kinds 
of manufacture.-William H. Noyes, extract from in
augural address at University of Illinois. 
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A SATURATED solution of a salt in a liquid may often 
be cooled below the point at which the salt ordinarily 
separates, without causing solidification. But when 
a minute fragment is dropped into this so-called super
saturated solution rapid crystallization occurs. A 
delicate thermometer will indicate, at such a time, 
the disengagement of large amounts of heat. This 
heat is the energy which, so long as the salt continues 
in solution, keeps the molecules apart. When the 
molecules rush together, and so lose the bulk of this 
independent motion, the motion becomes sensible heat. 
Similarly, in order that the particles or molecules of a 
solid may part company and spread themselves abroad 
through a liquid, heat or some form of energy must 
become latent-or, more scientifically, it must cease 
to exist as sensible heat and be converted into motion. 
The process of solution calls for the expenditure of 
energy. If the energy is not forthcoming from the 
chemical reaction of the salt and the solvent, it must 
come from the solution itself or its surroundings. 
Hence the lowering of temperature when solution 
takes place. The amount of energy so converted from 
the sensible to the potential condition in case of sim
ple solution is surprisingly large. 

During the last decade we have become familiar 
with the analogy between solutions and gases. A 
body in dilute solution is found to exert an osmotic 
pressure equal to the vapor pressure it would exert 
if gasified into the' same space at the same tempera
ture. The amount of energy necessary to gasify a 
pound of ammonium chloride, for instance, is very 
large. An equal amount of energy is necessary to 
bring a pound of ammonium chloride into a solution 
of similar volume, temperature being allowed for .. 
Now this energy is supplied in large part by the heat 
of the solvent and the immediate surroundings. Con
sequently a pound of ammonium chloride dissolving 
in water will create a very considerable lowering of 
temperature. 

Freezing mixtures are therefore devised on the prin
ciple that heat is absorbed in the separation of the 
molecules of a solid from each other. It is obvious 
that this principle applies not only to the solution of 
a solid in a liquid, but also to the liquefact,ion of a 
solid or of a mixture of solids, however brougnt about. 

Certain considerations will occur to almost anyone 
in connection with this line of thought. 

First, it is obvious that solution, with consequent 
absorption of heat, must be comparatively rapid if the 
local cooling is to be pronounced in degree. A slow 
process of solution means a slow absorption; and after 
a certain degree of slowness is obtained, this absorp
tion becomes counterbalanced by the flowing in of 
energy from the surroundings. This being so, freezing 
mixtures will be efficient for this purpose, other things 
being equal, strictly in proportion to their rapidity of 
operation. If they are constituted of salts dissolving 
in Hquids, they will .be efficient just in proportion to 
the amount of salt dissolved in a unit of time. The 
amount of salt dissolved in units of time in a given 
volume of I'quid will obviously be in proportion to the 
total solubility of the salt in the given liquid. Conse
quently, the most soluble salts are used in these mix
tures. 

Secondly, the volume of the resulting solution must 
be kept as small as possible or much of the cooling 
effect will be wasteC upon the solution itself. 

Thirdly, since salts that are mixed dissolve into 
liquids (all being chemically inert), each one as if it 
alone were present, it is quite feasible to incredse the 
absorption of heat very greatly by making mixtures 
of considerable complexity. 

Fourthly, that while water is the most commonly 
used s9lvent, increased effect may follow the addition 
of an acid to the water in case of salts that are more 
soluble in dilute acids than in water alone. 

Lftstly, that when solvent and salt can be mixed in 
the solid form, as in the case of ice and salt, or that 
of ice and calcium chloride, absorption of heat is 
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brought about, not only by the solution of the salt, 
but also by the liquefa:ction of the solvent. 

A few typical freezing mixtures, ill ustrating some 
of the principles to which reference has been made, 
are noted below. The. table sets forth the materials, 
the parts by weight and the degrees Fahrenheit that 
can be attained. 

WATSON'S LIST: 
Ammonium nitrate ..... 1 Sodium phosphate ...... 9 
Water ................. 1 Dilute nitric acid ....... 4 

40 to 4 50 to --12 
Ammonium nitrate ..... 1 Sodium sulphate . . . . . . .. 5 
Sodium carbonate ...... 1 Dilute sulphuric acid ... 4 
Water ..... ............ 1 50 to 3 

50 to --3 Snow ................. 2 
Sodium chloride ..... ... 1 

Ammonium chloride .... 5 To -5 Potassium nitrate ..... . 5 Snow ........... ...... 5 Water ..... ... ... ...... 16 Sodium chloride ........ 2 
50 to 10 

Sodium sulphate ....... 6 
Ammonium chloride .... 1 

To --12 
Ammonium nitrate ..... 5 Snow ................. 3 
Dilute nitric acid ...... 4 Dilute sulphuric acid ... . 2 

50 to --40 To --27 
Ammonium chloride .... 5 Snow .................. 12 
Potassium nitrate ..... 5 Sodium chloride ........ 5 
Sodium sulphate ...... 8 Ammonium nitrate ..... 5 
Water ................. 1 6  T o  --25 

50 to 4 Snow ..... ..... ....... 8 

S d- I h t 6 Hydrochloric acid . . . . . .. 5 o !Urn su p a e ....... To --27 Ammonium chloride .... 4 
Potassium nitrate ..... 2 Sno", ....... ... ....... 7 

Dilute nitric acid ...... 4 Dilute nitric acid ....... 4 

50 to --10 To --30 
Snow ................. 4 

Snow ................. 24 Dry calcium chloride ... 5 
Sodium chloride ...... 10 To --40 
Ammonium chloride .... 5 
Potassium nitrate ...... 5 

To --18 

Snow ................. 2 
Cryst. calcium chloride . 3 

To --50 
Sodium nitrate ......... 3 Snow .................. 3 
Dilute nitric acid ...... 2 Potash ................ 4 

50 to --3 ., To --51 

RECENT INVESTI.GATIONS IN 
RADIO-ACTIVITY 

WRITING in the Chern. 'Zentralblatt, H. Greinacher 
states that, employing Lilienfeld's spectroscopic meth
od, he could not find any trace of helium in polonium, 
although it is commonly supposed that each alpha 
particle forms an atom of helium. It is considered 
possible that the emanations undergo this change, but 
that the solid elements are not affected. 

Prof. Ramsay, in Nature, describes further experi
ments with radium emanations. It has been shown 
that the spontaneous change of the emanations from 
radium results in the formation of helium. If the 
emanation is in contact with and dissolved in water, 
the inert gas produced by its change is mainly neon 
with only a trace of helium. If the emanation is left 
'in contact with copper sulphate or nitra'te solution 
argon is produced, with perhaps a trace' of neon, but 
no helium. Spectroscopic examination of the residue 
after the removal of the copper shows sodium and cal
cium spectra, and a very faint red lithium line. Con
trol solutions of copper nitrate, not exposed to the 
emanation, show no trace of lithium. Thus the gases 
formed by the degradation of radium emanation be
long to the same group of elements as the emanation 
itself, and it appears as if copper also undergoes de
gradation, yielding one or more of the lower metals 
o,f the copper group. 

The Chemical News ql10tes K. A. Hoffman and V. 
WOlfl on radio-active lead and the isolation of radium 
D. Several methods, more or less successful, have 
been found by means of which the separation of ra
dium D can be partially effected. Finally, it was found 
that when magnesium phenyl bromide is allowed to 
act on lead· chloride, lead tetraphenyl is produced, 
while one-half of the lead separates as metallic Pb. 
if; then, the lead chloride used for this is riCh in RaD, 
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most of the RaD will be found in the metallic Ph 
which separates out, and only a small part in the 
lead tetraphenyl. 

When a metal sheet is placed in the path of a beam 
of alpha-rays, the decrease in the ionization which is 
produced in the gas behind the sheet is attributed by 
different authors to one of two causes-either a change 
in the range of the alpha-particles or a scattering of 
the rays. L. Meitner in Phys. Zeitschr. attempts to 
decide which is the true explanation. Two thick metal 
sheets have each a hole bored in them, and are then 
placed a short distance apart, so that the centers of 
the circular apertures are on the same straight line. 
The ionization, J" is measured behind the first sheet 
and also J2, the ionization behind both, when a source 
of alpha-rays is placed in front of the apertures. For 
a constant dis.tance apart of the sheets J,/J, must be 
constant if no scattering is present. The aperture 
through which the rays first pass is now covered with 
a thin metal sheet. ,1, and J2 are now reduceJ, but 
their ratio is unaltered if no scattering is present, but 
if scattering occurs J,/J2 is different when the thin 
metal sheet is present. From nis experiment§ the 
author concludes that this scattering does take place, 
and depends on the atomic weight of the metal. 

O. Hahn, who recently announced the discovery of 
a new product between thorium and radio-thorium in 
the Ber. Deut. Chern. Gesell., now confirms the exist
ence of this intermediate product and suggests for it 
the name of meso-thorium. It has been shown that 
in the technical preparation of thorium nitrate the 
meso-thorium is separated from the thorium, but not 
so the radio-thorium. If the activity of this thorium 
is measured over long intervals, different results are 
obtained according as the alpha-radiation, the emana
tion, or the ·beta-radiation is used. Hence it is .con
cluded that, besides radio-thorium and its derivatives, 
the first members of the thorium series also emit 
rays. It is known that alpha-rays are emitted by 
radio-thorium, ThX, Th emanation, and ThB; the 
last giving two sorts. It is now $hown that thorium 
itself emits alpha-rays. The methods are indirect, 
and are here only briefly indicated; they are: (1)� by 
comparison of the activities of thorium preparations 
of different ages by the effect of alpha-rays and of tho 
emanation; (2) making thorium preparations of dif
ferent age from ThX; (3) preparation of radio-thorium 
free from ThX. In (1) the differences in the effect 
of the emanation are greater than those of alpha-rays, 
as the activity of thorium itself is added as a con
stant quantity to the alpha-ray, but not to the emana
tion measuremeuts. In (3) the inseparable alpha
activity is smaller than in any ordinary thorium pre
paration, as the activity of the true thorium is re
moved. Meso-thorium has been sep arated from the 
old thorium preparations, which showed itself by the 
continual increase of activity and power of emanation. 
This preparation shows a much stronger beta-ray ac" 
tivity than either radio-thorium or thorium under the 
same conditions of emanation. The full numerical re
sults are to be given later. The following is a list 
brought up to date of the different thorium products 
in order of formation, with the rays they emit: Thor-. 
ium, alpha-rays; meso-thorium, beta-rays; radio-thor
ium, alpha-rays; thorium X, alpha-rays; emanation, 
alpha-rays; ThA, slow beta-rays (which may be delta
rays and are but little more penetrating than alpha
rays); ThB and ThC (both), alpha, beta, and gamma
rays. 

Blue Stain for Ivory.--(a) Lay the objects to be 
stained in very dilute hydrochloric acid solution (1 
part acid, 3 5  parts water) for two to three minutes, 
then treat them'with a solution of 1 part of indigo
carmine in 6 parts of water, for- several hours. (b) 
First stain i n  solution of acetate of alumina 1 part 
of sugar of lead di'lsolved in distilled water, 4 parts 
of alum dissolved separately. Mix together, add 1-22 
part of crystallized soda, leave it over night to clarify, 
pour off the sediment, dilute with water. Hereupon 
immerse the ivory for several hours in a solution of 
1 part of indigo-carmine in 6 parts of water, 
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